413 RELIABILITY OF BONE DENSITY MEASUREMENT IN OSTEOARTHRITIS USING DIGITAL RADIOGRAPHIC PROCEDURES  by Kinds, M.B. et al.
Poster Presentations / Osteoarthritis and Cartilage 18, Supplement 2 (2010) S45–S256 S183
deepest and the most superﬁcial pixel layers were selected as the deep
and superﬁcial regions of interest, respectively, and all the pixel layers
in-between those were combined into the middle region of interest. To
avoid partial volume artefact, only pixels completely inside the cartilage
were included. Triple dose (0.3 mM/kg of Gd-DTPA2-, Magnevist, Bayer
Healthcare Pharmaceuticals, Germany) the measurements repeated four
times (1-4 h) after an intravenous injection.
Estimated gadolinium concentration for all regions of interest was calcu-
lated using the following formula:
[Gd] = (1/T1Gd – 1/T1pre)/r1,
where T1Gd is the T1 value at a certain time point after contrast agent
injection, T1pre is the T1 value before Gd-DTPA2- injection, and r1 is the
relaxivity of Gd-DTPA2-, for which the value 4.1 s-1 mM-1 measured in
human plasma at 37°C temperature was used.
Results: The cartilage thickness ranged from 1 to 5 pixels meaning that the
thickness of the middle region varied between 0 and 3 pixel layers.
Pre-contrast, a depth-wise variation of T1 was observed with 50% higher
values in the superﬁcial region compared to the deep region.
The Gd-DTPA2- concentration seemed to remain static between two and
three hours in the superﬁcial region, but was still increasing in the middle
and deep regions. Between three and four hours, the concentration started
to decrease in the superﬁcial region, but still kept increasing in the deep
region (Figure 2)
Figure 2
Conclusions: This study clearly demonstrates depth-wise variation in
gadolinium concentration at different time points.
The continuous increase in gadolinium concentration up to four hour in
the deep region and static state of gadolinium concentration between 2
to 3h followed by decreasing between 3 to 4 h in the superﬁcial region
could indicate that most of the contrast comes from the synovial side,
whereas the uptake from the bone or subchondral side is negligible. Based
on the current results, the ideal time point to observe cartilage seems to
be two hours after contrast agent injection, as previously reported, because
the bulk change in gadolinium concentration is quite small between two
to three hours. However, the ongoing increasing of gadolinium concen-
tration in the deep layer could lead to an overestimation of GAG content
in the deep cartilage in vivo. Furthermore, the depth-wise variation of
pre-contrast T1 values suggests that the analysis of bulk cartilage region
of interest may not be the optimal way of estimating the GAG content,
and that the post-contrast T1 doesn’t provide all needed information for
cartilage evaluation.
The present results recommend a depth-wise analysis in clinical dGEMRIC
studies, including a deep and superﬁcial region of interest to provide
additional information about the status of the cartilage.
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Purpose: Dual energy X-ray Absorptiometry (DXA) is the method of choice
for quantifying bone density (BD). In clinical practice however, BD is com-
monly subjectively assessed on standard radiographs for the evaluation of
(longitudinal) bone changes in osteoarthritis (OA). The transition from con-
ventional radiography to digital radiography needs re-evaluation whether
BD can be quantiﬁed on radiographs. The objective of this study was to
evaluate whether in digital radiographs BD (hydroxylapatite in g/cm2) can
be related to grey value by use of an aluminum step wedge (20 steps from
2 to 40 mm) as a reference for BD (in mm aluminum equivalent=mmAl),
independent of radiographic settings.
Methods: A bone density standard (BDS) was created consisting of pre-
deﬁned amounts of hydroxylapatite (eight cups ranging from 0 to 5.75
g/cm2). BD of the eight hydroxylapatite cups was ﬁrst measured by use of
DXA (Hologic Discovery). Subsequently, digital radiographs of the BDS were
acquired (Philips Digital Diagnost), with different settings. Peak voltage
(kVp), milliampere seconds (mAs), tube added ﬁltering, and BDS position in
the radiographic ﬁeld were varied. Also the default clinical post-processing
module, which is introduced with the development of digital radiography,
was compared with post-processing switched off. In all cases a human
(cadaver) knee joint was added to simulate clinical conditions, and an
aluminum step wedge was added as a potential reference. Custom made
software was used to express the grey values in the BDS in mmAl by
comparing them to the grey values measured in the step wedge. The grey
values in the step wedge were represented by a linear, or a third order
polynomial function. Linearity of the relation between actual BD (g/cm2)
and BD in mmAl in the BDS was evaluated.
Results: The relation between actual BD and DXA values of the BDS was
strongly linear: R2=0.99. With a linear representation of the step wedge, the
relation between actual BD and BD in mmAl was rather low under regular
clinical settings: R2=0.82. Speciﬁcally switching off the post-processing
module, improved the linear relation to R2=0.93. Variation in the other
radiographic settings (kVp, mAs, ﬁlter, and position) moderately inﬂuenced
the linearity: R2=0.72-0.88. When a third order polynomial representation
of the step wedge was used, the relation for regular clinical settings
improved to R2=0.96. In this case switching off the post-processing module
only slightly improved the relation between actual BD and mmAl to
R2=0.98.
Conclusion: Bone density evaluation on digital radiographs is signiﬁcantly
hampered by the default clinical post-processing module on digital x-ray
systems. Also variations in x-ray setting are of inﬂuence. However, by use
of an aluminum reference wedge and by using a non-linear ﬁt, BD in the
range of interest of subchondral bone changes, can be expressed in mmAl
rather precisely.
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PHOTOGRAPHIC SCORING IS INSENSITIVE FOR MONITORING PROGRESS
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Purpose: In previous studies we have developed a scoring system for
diagnosing and estimating the severity of hand osteoarthritis (HOA) in the
elderly. In this study we compared HOA scores of photographs taken at
ﬁve-year intervals.
Methods: 143 (80 females, 63 males, age range 71-91, median age at second
photograph 79.5) participants in the Age, Gene/Environment Susceptibility-
Reykjavik Study (AGES-Reykjavik) had new hand photographs taken after
a ﬁve year followup. The photographic procedure was the same as in
previous studies with a Fuji Finepix 6800 zoom camera (2800×2200 pixels)
on a tripod and a dark velvet board with two small central markers. HOA
scoring was twofold, ﬁrst a blind scoring of 0-3 for DIP, PIP and CMC1 joint
groups (1) and secondly a more detailed joint by joint comparison with
both photographs side by side. Progress in the IP and CMC1 joints were
classiﬁed as probable or deﬁnite.
Results: There was no signiﬁcant change in aggregate HOA severity scores
